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INTRODUCTION
The Apalachicola-Chattahoochee-Flint (ACF) River basin drains about 19,600 square miles (mi 2 ) and covers parts of Georgia, Alabama, and Florida ( fig. 1 ). The basin stretches from the headwaters northeast of Atlanta, Ga., to Apalachicola Bay in the Gulf of Mexico in northwestern Florida. The Chattahoochee River and Flint River converge below Bainbridge, Ga., at Lake Seminole, formerly called Jim Woodruff Reservoir. Lake Seminole was formed in 1954 at the confluence of the Chattahoochee and Flint Rivers by an earth-and-concrete dam, constructed by the U.S. Army Corps of Engineers for navigation and power-generation purposes. The Apalachicola River flows out of Lake Seminole near Chattahoochee, Fla., through northwestern Florida, into Apalachicola Bay, and then discharges into the Gulf of Mexico.
Increased and competing demands for water and the recent droughts of 1980-81, 1986, and 1988 in the ACF River basin have focused the attention of water managers and users in Georgia, Alabama, and Florida on the water resources of the basin. Of particular interest are the surface-water resources of the Chattahoochee, Flint, and Apalachicola Rivers and their major tributaries in the vicinity of Lake Seminole in southwestern Georgia ( fig. 1) . The U.S. Geological Survey (USGS) entered into a cooperative agreement with the Georgia Department of Natural Resources, Environmental Protection Division (EPD) to compile streamflow data for selected stations in the vicinity of Lake Seminole; compute streamflow characteristics using the compiled data for selected periods; and compare observed changes in flow characteristics of tributary streams, as well as inflow and outflow of Lake Seminole.
Purpose and Scope
This report presents results of flow-duration, low-flow, and mean-flow analyses of daily mean discharges for 12 streamflow stations in the lower part of the ACF River basin; comparison of streamflow characteristics of Ichawaynochaway Creek at Milford, Ga., to those of Chipola River at Altha, Fla.; and a similar comparison of Lake Seminole inflow and outflow characteristics. The purpose of these data computations and comparisons is to determine if flow characteristics of streams upstream from Lake Seminole vary over time in a similar or dissimilar manner to those downstream from the lake.
The three periods of greatest interest to water managers are for streamflows prior to the impoundment of Lake Seminole in 1954; after the impoundment of Lake Seminole, but prior to the advent of intensive agricultural irrigation in the early 1970's; and after the widespread initiation of agricultural irrigation around 1976. To the extent possible, streamflow records were analyzed to characterize the pre-Lake Seminole conditions using data for 1929 through 1953 (period 1); post-Lake Seminole, and pre-irrigation conditions using data for 1958 through 1970 (period 2); and post-irrigation conditions using data for 1976 through 1993 (period 3).
Streamflow Station Numbering System
Streamflow stations are identified by a numbering system used by USGS since October 1, 1950. The order of listing stations is in a downstream direction along the mainstream. All stations on a tributary entering upstream of a mainstream station are listed before that station. Each streamflow station is assigned a unique 8-to 14-digit number. The station number, such as 02353000, includes the 2-digit number "02," which refers to the regional basin identifier, plus the 6-to 12-digit downstream order number "353000."
STREAMFLOW DATA COMPILATIONS
Twelve streamflow stations in the lower ACF River basin were identified as having daily mean streamflow records of sufficient length to be useful in this study ( fig. 1 ). The names, drainage areas, and periods of streamflow record for the 12 stations are listed in table 1. Daily streamflow data for these 12 stations were retrieved from the USGS National Water Information System (NWIS) data base using the Automated Data Processing System (ADAPS) (U.S. Geological Survey, 1990) Other year-date conventions such as climatic years, which begin on April 1 and end on March 31 of the following year, and calendar years are noted when used. Throughout this report, the term daily mean discharge is referred to as streamflow or discharge without the modifying term of daily mean. 
STREAMFLOW CHARACTERISTICS
Computations of streamflow characteristics include determinations of mean values for consecutive low-flow days, monthly and annual data, as well as selected flow-duration and low-flow frequency values. Streamflow characteristics and statistical values were computed using USGS standard applications (U.S. Geological Survey, 1975 Survey, , 1990 .
Mean low-flow characteristic data were computed, as available flow data permitted, for the three periods at 12 streamflow stations. Low-flow data computed from daily mean streamflows include: mean discharges for consecutive 1-, 3-, 7-, 14-, 30-, 60-, 90-, 120-, and 183-day period; (table 2); normal mean monthly and mean annual streamflow values (table 3) ; and estimates of low flows corresponding to 4 selected recurrence intervals along with flowduration information for selected percent time flow is equaled or exceeded values (table 4).
The daily, monthly, and annual streamflow values shown in tables 2 and 3 are easily understood. However, the low-flow and flow-duration statistics shown in table 4 are less intuitive. The low-flow values shown in table 4 are the minimum streamflows that occur on average over the specified times. For instance, a 7Q10 value is the lowest 7 consecutiveday flow that occurs on average once in 10 years. The 10-, 30-, 50-, 70-, and 90-percent exceedence flow values shown in table 4 are the daily flows that are equalled or exceeded for the specified percent of time during the period analyzed. For example, a 10-percent flow-duration value for a station is the flow that is equalled or exceeded 10-percent of the time during the period of analysis. Low-flow and flowduration computation methods are explained in greater detail in (Riggs, 1972) and (Stedinger and Thomas, 1985) . 1929-53 12,400 13,340 19,190 27,360 30,260 42,230 35,450 23,740 16,440 17,390 16,150 12,630 22,190 2 1958-70 13,940 13,430 19,640 28,480 35,690 42,350 38,460 21,910 18,160 16,560 15,050 12,630 22,950 3 1976-93 12,440 14,520 22,070 29,390 34,780 40,580 32,220 20,480 15,680 13,970 13,350 11,390 21,680 02358700 Apalachicola River at Blountstown, Florida 1958-70 14,370 13,570 19,540 28,650 32,350 42,580 38,570 22,090 18,600 16,880 15,520 13,240 23,180 3 1976-93 13,090 14,590 22,080 29,370 35,290 40,660 32,450 20,920 16,240 14,750 13,910 11,910 1978-93 15,030 16,500 26,640 32,850 40,720 46,540 39,340 25,140 20,300 18,840 18,570 16,190 26,320 
Comparison of Tributary Streamflow Characteristics
Streamflow characteristics for Ichawaynochaway Creek at Milford, Ga. (02353500), and Chipola River near Altha, Fla. (02359000) (tables 2, 3, and 4) vary similarly between period 1 and period 2. Data comparisons from table 2 suggest that there is a general decrease in low-flow characteristics from period 1 to period 2 for streamflow stations 02353500 and 02359000. The decrease in streamflow for the consecutive low-flow periods for station 02353500 averaged about 12 percent, while station 02359000 averaged about 2 percent. However, Spring Creek near Iron City, Ga. (02357000) showed a small average increase in streamflow for consecutive low-flow periods of about 1 percent. Station 02353500 also showed a decrease in low-flow characteristics from period 2 to period 3 of about 30 percent, while station 02359000 showed a much smaller decrease of about 5 percent from period 2 to period 3.
Comparison of data from table 3 indicate that mean-monthly streamflows during summer months (July-September) declined from period 1 to period 2 for all three tributary stations (02353500, 02357000, and 02359000). Summer streamflows continued to decline from period 2 to period 3 at station 02353500, while station 02359000 showed only a decline for August.
Data comparisons from table 4 indicate that from period 1 to period 2, 7Q10 values for Ichawaynochaway Creek at Milford, Ga. (02353500) decreased about 6 percent, and for Chipola River near Altha, Fla. (02359000) decreased about 10 percent. The 7Q10 values for Spring Creek near Iron City, Ga. (02357000), increased about 6 percent from period 1 to period 2. The 7Q10 for Ichawaynochaway Creek at Milford, Ga. (02353500) declined 45 percent from period 2 to period 3, while the 7Q10 at Chipola River near Altha, Fla. (02359000) increased by 8 percent from period 2 to period 3.
A regression analysis was performed to further investigate the similarities and dissimilarities of streamflows at Ichawaynochaway Creek at Milford, Ga. (02353500), to streamflow at Chipola River near Altha, Fla. (02359000). Daily flows at Ichawaynochaway Creek were regressed against those at Chipola River for period 1 (1944-53, only) and then for period 2 using least-square linear regression techniques (SAS Institute, 1992) . The intent was to test the statistical significance of any differences in the two regression equations. The resulting coefficients of determination (that is, r-squared values) of the regression equations computed for periods 1 and 2 were 0.51 and 0.58, respectively. These coefficients are low, which indicates that reliable estimates of changes in longterm trends of streamflows cannot be determined based on these regression equations. Therefore, further testing for statistically significant differences in the two regression equations was not performed.
Comparison of Inflow to and Outflow from Lake Seminole
River at Bainbridge, Ga. (02356000) and Chattahoochee River at Alaga, Ala. (02344000) were summed to produce a synthetic inflow record suitable for comparing to outflows at Apalachicola River at Chattahoochee, Fla. (02358000). The same low-flow characteristics were computed for the synthetic inflow data and the outflow station, Apalachicola River at Chattahoochee, Fla. (02358000) as for the stations listed in tables 2, 3, and 4, and are shown in tables 5, 6, and 7. Flow duration curves for periods 1, 2, and 3 for the synthetic inflow data and Apalachicola River at Chattahoochee, Fla. (02358000) are shown in figures 2 and 3, respectively.
Comparisons of data from table 5 suggest that there is a general increase in low-flow characteristics from period 1 to period 2 for inflow to and outflow from Lake Seminole. Further comparisons indicate an overall decrease in low-flow characteristics for period 3 to levels below period 2, and near or below period 1.
Data comparisons from table 6 indicate similar differences in mean-monthly streamflow for inflow and outflow of Lake Seminole for all three periods, except for months of March and September for periods 1 and 2 and January for period 2 and 3. Similar differences also are indicated for the meanannual streamflow data for all three periods.
Data comparisons from table 7 indicate a general increase in low-flow durations from period 1 to period 2, and a decrease from period 2 to period 3 to near or below period 1 conditions. A graphical plot of the flow duration data are shown in figures 2 and 3 for all three periods, and are used for visual comparisons of the period data.
